The family Microbacteriaceae proposed by Park et al. (1993) accommodates irregularly shaped actinobacteria that are characterized by the diagnostic diamino acids ornithine, lysine or 2,4-diaminobutyric acid in the B-type peptidoglycan and completely unsaturated menaquinones (Schleifer & Kandler, 1972; Evtushenko & Takeuchi, 2006; Schumann et al., 2009) . At the time of writing, the family comprises 32 genera with validly published names, including the recently described genera Chryseoglobus (Baik et al., 2010) , Marisediminicola (Li et al., 2010) and Amnibacterium (Kim & Lee, 2011) . In this paper, we describe an actinomycete, strain Cr8-25 T , which was isolated from alpine glacier cryoconite and represents a novel species of a new genus within the family Microbacteriaceae.
Strain Cr8-25
T was isolated from alpine glacier cryoconite collected in August 2006 from the Rettenbach glacier in the Oetztal Alps in Tyrol, Austria, at an altitude of 2760 m above sea level. The strain was isolated as previously described (Margesin et al., 2012) . Briefly, the sample was shaken with sterile 1 % sodium pyrophosphate solution and appropriate dilutions, prepared with sterile saline solution (0.9 %, w/v, NaCl), were plated on R2A agar (containing 0.05 % yeast extract, 0.05 % peptone, 0.05 % Casamino acids, 0.05 % glucose, 0.05 % starch, 0.03 % sodium pyruvate, 0.03 % K 2 HPO 4 , 0.005 % MgSO 4 , 1.5 % agar, pH 7; Reasoner & Geldreich, 1985) and incubated at 10 u C. One of the pure cultures was yellow-pigmented and was designated Cr8-25 T . The strain was routinely cultured on R2A agar at 15 u C and stored as a suspension in skimmed milk (10 %, w/v) at 280 u C. Klugiella xanthotipulae 44C3 T (5DSM 18031 T ) was used as a reference strain and was routinely grown on R2A agar at 20 u C.
DNA was extracted and purified as described by Sambrook et al. (1989) . The 16S rRNA gene was amplified by PCR with a pair of universal primers, 27F (59-AGAGTTTGATC-CTGGCTCAG-39) and 1541R (59-AAGGAGGTGATCCA-GCCGCA-39) (Zhang et al., 2010) . PCR products were cloned using the pGEM-T Easy vector system (Promega). Sequencing was carried out by Eurofins MWG Operon using the cycle sequencing technology (dideoxy chain termination/cycle sequencing) on an ABI 3730XL sequencer; an ABI Big Dye Terminator kit (v3.1) was used as the sequencing kit. After aligning sequences retrieved from the GenBank and EMBL databases using CLUSTAL_X version 1.8 (Thompson et al., 1997) , phylogenetic analysis was carried out using MEGA version 4.0 (Tamura et al., 2007) . Strain T exhibited highest 16S rRNA gene sequence similarities with K. xanthotipulae 44C3 T (97.0 %) and Frigoribacterium mesophilum MSL-08 T (96.9 %). Levels of 16S rRNA gene sequence similarity between strain Cr8-25 T and members of other genera within the family Microbacteriaceae were in the range 92.4-96.2 %. The neighbour-joining tree showed that strain T belonged to the family Microbacteriaceae and formed a phylogenetic cluster with K. xanthotipulae 44C3 T . The relative position of strain T was also confirmed in the tree constructed by the maximum-likelihood method using PHYLIP version 3.69 (Felsenstein, 1981 (Felsenstein, , 2009 ).
All tests described in this paragraph were performed with strain Cr8-25
T and with the reference strain K. xanthotipulae 44C3
T . Cell morphology was examined by phase-contrast microscopy (61000; Leitz Diaplan) and by transmission electron microscopy (Libra 120 EFTEM; Zeiss) of cells grown on R2A agar at 15 u C. Motility was examined by microscopy (61000) and by the API M system (bioMérieux). Gram-reaction was tested by Gramstaining. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 ; cytochrome c oxidase activity was determined using 1 % (w/v) N,N,N9, N9-tetramethyl-p-phenylenediamine. Physiological and biochemical characteristics and enzyme activities were determined with the API 20 NE, API Coryne and API ZYM systems (bioMérieux) at 15 u C. Activities of amylase and protease were also tested on R2A agar supplemented with the appropriate substrates (Margesin et al., 2003) . Growth at different temperatures (1, 5, 10, 15, 20, 25, 30, 37 , 42 u C) was assessed on R2A agar and in R2A broth at 150 r.p.m. Growth at various pH values (pH 5-10) and salt tolerance (0-10 %, w/v, NaCl) were determined on R2A agar. Growth under anaerobic conditions was examined after 7 days of incubation at 15 u C in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions] on R2A agar supplemented with 10 mM KNO 3 . Growth under microaerophilic conditions was investigated at 15 uC on R2A agar after incubation in a microaerophilic atmosphere containing 8-10 % (v/v) carbon dioxide and 5-7 % (v/v) oxygen; this atmosphere was generated in sealed jars containing Anaerocult C (Merck). Growth on different media [R2A, nutrient agar (NA), trypticase soy agar (TSA; 1.5 % casein peptone, 0.5 % soy peptone, 0.5 % sodium chloride, 1.5 % agar; pH 7)] was assessed on agar plates. Morphological, physiological and biochemical characteristics of strain T are given in the species description (see below) and are shown in Table 1 . The features that differentiate strain T from its closest phylogenetic neighbour are given in Table 2 .
Pigment analysis of strain T and the reference strain K. xanthotipulae 44C3 T was performed as described by Hildebrand et al. (1994) . To test production of cellular (methanol-extractable) pigments, cells were grown at 15 u C on King's B agar (a medium that induces pigment formation) and R2A agar. To test for the presence of diffusible pigments, cells were grown at 15 u C and 150 r.p.m. in King's B broth and in R2A broth until the stationary growth phase was reached. Strain Cr8-25 T , as well as the reference strain, produced methanol-extractable pigments in both media with absorption maxima at 448 and 476 nm (strain Cr8-25 T ) and 438 and 467 nm (K. xanthotipulae 44C3 T ), respectively. Production of a diffusible water-soluble pigment was not observed for strain T or for the reference strain.
For analysis of the peptidoglycan structure and the cell-wall sugars, cells of strain Cr8-25 T were harvested from R2A agar plates after 6 days of growth at 15 u C. Purified cell walls were isolated after disruption of the cells by shaking with glass beads and subsequent trypsin digestion, and the peptidoglycan structure was analysed by using hydrolysates (4 M HCl, 100 u C, 16 or 0.75 h) of purified cell walls, according to Schleifer (1985) . The amino acids and peptides were separated by two-dimensional ascending TLC on cellulose plates with the solvent systems of Schleifer & Kandler (1972) . The molar ratio of the amino acids in the total hydrolysate (16 h) was determined by GC by using the EZ:faast Amino Acid Analysis kit (Phenomenex) supplemented with a standard mixture containing 10 peptidoglycan-relevant amino acids (2.5 mmol per 1 ml 0.1 M HCl). The peptidoglycan of strain T contained the amino acids 2,4-diaminobutyric acid, alanine, glycine and glutamic acid in an approximate molar ratio of 1.0 : 2.7 : 0.8 : 1.0, respectively. The identity of the amino acids was confirmed by GC/MS (320 Singlequad; Varian) using amino acid derivatives obtained by the method of MacKenzie (1987) . The partial hydrolysate (0.75 h) contained the peptide Gly-D-Glu characteristic of B-type peptidoglycans. The muramic acid residues were N-acetylated as determined by using the method described by Uchida et al. (1999) . For analysis of the sugars, purified cell walls were hydrolysed in 0.5 M H 2 SO 4 at 100 u C for 2 h. H 2 SO 4 was removed by shaking with 20 % N,N-dioctylmethylamine in chloroform, according to Whiton et al. (1985) , and the sugars in the hydrolysate were analysed by TLC on cellulose plates, according to Staneck & Roberts (1974) . The predominating cell-wall sugars of strain Cr8-25 T were galactose, fucose and rhamnose.
The respiratory quinones were extracted and purified according to Collins (1985) and were analysed by HPLC (Wu et al., 1989) . Strain Cr8-25
T contained the menaquinones MK-11 (60 %), MK-10 (29 %), MK-9 (6 %) and MK-12 (5 %).
For fatty acid methyl ester analysis, strain T and the reference strain K. xanthotipulae 44C3 T were grown on R2A agar at 15 u C for 3 days. Both strains were similar in growing behaviour and sufficient cells of comparable physiological age could be harvested from the third streak quadrant of the R2A agar plates after cultivation under the applied conditions. The fatty acid methyl esters were extracted and prepared according to the standard protocol of the Microbial Identification System (MIDI) version 6.0 (Sasser, 1990) . The predominant cellular fatty acids of strain Cr8-25 T were anteiso-C 15 : 0 (64.6 %) and iso-C 16 : 0 (22.5 %). The closest phylogenetic neighbour K. xanthotipulae contained higher amounts of anteiso-C 17 : 0 and iso-C 16 : 0 but lower amounts of anteiso-C 15 : 0 than strain Cr8-25 T (Table  S1 , available in IJSEM Online).
Polar lipid profiles were analysed according to Tindall (1990a, b) . Molybdatophosphoric acid, molybdenum blue and a-naphthol were used to detect total lipids, phospholipids and glycolipids, respectively. The polar lipid profile of strain Cr8-25 T contained diphosphatidylglycerol, phosphatidylglycerol, nine unknown glycolipids and four unknown polar lipids and the major components were comparable with those of many related members of the family Microbacteriaceae (see two-dimensional TLCs in Fig. S2 , Table 1 ).
The DNA G+C content of strain Cr8-25 T , as determined by HPLC analysis (Tamaoka & Komagata, 1984) of deoxynucleosides (Mesbah et al., 1989) , was 58.8 mol%.
DNA-DNA hybridization was carried out as described by De Ley et al. (1970) with consideration of the modifications described by Huß et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian). Duplicate measurements revealed DNA-DNA relatedness values between strain Cr8-25 T and K. xanthotipulae 44C3 T of 37.2 and 35.1 %. Accordingly, strain Cr8-25 T does not belong to the species K. xanthotipulae when the recommendations of a threshold value of 70 % DNA-DNA similarity for the definition of bacterial species by the ad hoc committee (Wayne et al., 1987) are considered. Strain Cr8-25 T can be differentiated from its closest phylogenetic neighbours K. xanthotipulae, Frigoribacterium mesophilum, Frigoribacterium faeni and Frondihabitans peucedani by the occurrence of 2,4-diaminobutyric acid as a diamino acid of the cell-wall peptidoglycan and of MK-10 as a major component of the menaquinone profile (Table 1) . However, representatives of the genera Cryobacterium, Leifsonia, Leucobacter, Phycicola, Plantibacter and Schumannella that share the presence of diaminobutyric acid and MK-10 with strain Cr8-25 T displayed less than 96.2 % 16S rRNA gene sequence similarity. The genus Schumannella has not only the diagnostic diamino acid and menaquinone MK-10, but also a DNA G+C value below 59 mol% in common with strain Cr8-25 T (Table 1) . However, the type strain of Schumannella luteola (JCM 23215 T ) shows only 93.4 % 16S rRNA gene sequence similarity to the novel psychrophilic isolate. 
The results presented above (16S rRNA gene sequence, DNA G+C content, chemotaxonomic characteristics; Table 1 , Fig. 1 ) demonstrate that strain Cr8-25 T should be assigned to a novel genus of the family Microbacteriaceae. According to its growth characteristics (good growth at 1-15 u C both on agar and in broth culture, no growth at 25 u C), strain T is a psychrophilic representative of this family. The discrepancy between growth at 20 u C in broth culture and very weak growth at this temperature on agar plates can be explained by the fact that microbial T max can be influenced by a number of culture conditions, such as medium composition or cultivation in liquid or on solid media (Bowman et al., 1998) .
Based on phylogenetic, phenotypic and genomic evidence, strain T is considered to represent a novel species of a new genus in the family Microbacteriaceae, for which the name Alpinimonas psychrophila gen. nov., sp. nov. is proposed. General morphological and chemotaxonomic characteristics are as given in the genus description. Cells are irregular rods (0.3-0.460.8-1.5 mm after 5 days at 10 and 15 u C on R2A agar; Fig. S2 ). Colonies on R2A agar are yellow, round, convex, smooth, glossy and with an entire margin (0.5-1 mm in diameter after 5-10 days at 15 u C). A cellular (methanol-extractable) pigment is produced on King's B and R2A agar plates. Grows aerobically and under microaerophilic conditions, but growth is absent under anaerobic conditions. Aerobic growth on NA and TSA is very weak. On R2A agar, good growth occurs at 1-15 u C, growth is very weak at 20 u C and absent at 25 u C. In R2A broth, growth occurs at 1-20 u C. Grows on R2A agar at pH 7 and in the presence of 0-1 % (w/v) NaCl, growth is absent at pH 6, above pH 8, and at 3 % (w/v) NaCl. Positive in tests for catalase, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase and aglucosidase. Activities of cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are weak. Starch, gelatin and aesculin are not hydrolysed. Negative result in tests for nitrate reduction, indole production from tryptophan, H 2 S production, citrate utilization, activities of urease, esterase (C4), lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, protease (skimmed milk), arginine dihydrolase, lysine dihydrolase, ornithine dihydrolase, tryptophan deaminase, pyrazinaminidase and pyrrolidonyl arylamidase. Assimilates D-glucose, but not L-arabinose, mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate or phenylacetic acid. Assimilation of D-mannose is weak and delayed. Negative result in tests for fermentation of D-glucose, sucrose, L-rhamnose, L-arabinose, ribose, xylose, maltose, lactose, melibiose, D-mannitol, inositol, D-sorbitol, amygdalin and glycogen.
Description of
The type strain is Cr8-25 T (5DSM 23737 T 5LMG 26215 T ) and was isolated from alpine glacier cryoconite collected from the Rettenbach glacier in the Oetztal Alps in Tyrol, Austria. The G+C content of the DNA of the type strain is circa 58.8 mol%.
